At the northwestern edge of South America is located Ecuador. is place is a classical example of an active continental margin with widespread active volcanism. Detailed studies about the impact of volcanic ash on human health are still lacking. erefore, the disease of exposed populations is unknown. e objective of the present investigation was to assess the biological impact of Pichincha volcanic ash on cell culture and inflammation in murine lung tissues that will contribute to the understanding of the hazards. In this study, the in vivo phase was performed in mice C57BL/6 exposed to several doses of volcanic ash (0.5, 1, and 3.75 mg/100 g mouse body weight). e body weight and survival were controlled during seven days of treatment. e expression of inflammation markers NRLP 3, caspase-1, pro-IL-1, IL-1β, IL-6, IL-8, and h-HPRT was analyzed. e in vitro phase was performed in lung cancer cells A549, peritoneal macrophages, and McCoy cells exposing them to different concentrations of volcanic ash (80, 320, and 1280 μg/cm3) to determine the cytotoxicity and the production of reactive oxygen species. e ash initiated activation of the inflammasome complex NRLP 3 and the initiation of a proinflammatory activity in the murine lung tissue depending on the concentration of this agent. e viability of A549 and McCoy cell decreased with the length of exposure and increased with the concentration of volcanic ash. e activity in superoxide dismutase decreased by about 60%, leading to the formation of reactive oxygen species. ese results associated with compounds contained in Pichincha volcanic ash are considered hazardous elements which induce inflammation leading to activate inflammasome NRLP, releasing reactive oxygen species, and producing changes in cell morphology and density, all of which are expression of cytotoxicity.
Introduction
e Pichincha volcanic complex (PVC) is located on the Western Cordillera of the Ecuadorian Andes, some 11 km west of the city of Quito. is PVC consists of five successive volcanoes inside of two major volcanic edifices, named Rucu Pichincha and the younger Guagua Pichincha, which have been active since approximately 1.1 Ma ago [1] . e youngest lava dome complex within the Guagua Pichincha volcanic edifice has been active since the Early Holocene, evidenced by a series of eruptive phases within the last 3,000 years, where domes have been formed and collapsed, while eruptions have been from phreatic, vulcanian, and subplinian up to plinian [2] . Ash emissions have been witnessed on various occasions, especially during the volcanic crisis of 1998-2001, when four strong and independent events (on the 05th and 7th of October, 26th of November, and 10th of December of 1999) covered the city of Quito with a mantle of very fine-grained, nanosized, fractured ash particles [2] .
As any eruption of a volcano emits ash and gases that contain particulate material of different sizes from nanoscale to microns, the amount released from these particles has been able to reach 30 × 10 6 tons of pyroclastic material represented by ash [3] . Volcanic ash of Guagua Pichincha is a thin material (<2 mm in diameter), and the main products found are dacitic, andesitic, and high-Rb acid [4] including sulfur dioxide, silicon oxide (SiO 2 ), and aluminum oxide (Al 2 O 3 ) [5] . Moreover, volcanic activity is a natural source of respirable nanoparticles. e formation of crystals in volcanic ash is due to the abundance of short-range minerals among the main nanoscale materials, including imogolite (tubular nanotubes), allophane (nanospheres), ferrihydrite, and iron-humic complexes [6] .
Previous studies indicated that both particle size and the percentage of crystalline-free silica play a crucial part in the development of respiratory diseases such as silicosis and tuberculosis. In vivo studies have shown that cristobalite present fibrogenicity and may cause silicosis and cancer [7] . Silicosis is caused by the inhalation of crystalline silica particles for extended periods of time. Silica presents different crystalline forms which vary in levels of fibrogenicity according to the degree of crystallization but not with crystalline silica concentration [8, 9] . Fibrogenicity increases from the less organized crystal structure to the more organized crystal structures of cristobalite [8] . e inhalation of silica can also lead to the development of bronchogenic carcinoma [10] .
A recent study indicated an association between chronic exposure to volcanically active environments and the occurrence of DNA damage in human buccal epithelial cells, revealing that noneruptive active volcanism is a risk factor of carcinogenesis [11] . In a further study, when mice have been exposed to volcanogenic air pollution, alveolar space, alveolar perimeter, and lung structural functionality ratio decreased, while their alveolar septal thickness increased [12] .
Additionally, the ash is markedly hemolytic, exhibiting an activity like chrysotile asbestos, a known fibrogenic agent.
e results of these studies have been taken in conjunction with the results of animal studies indicating a fibrogenic potential of volcanic ash in heavily exposed humans [9] . However, a variety of studies suggest that the volcanic ash may pose a risk for pneumoconiosis in heavily exposed human populations [9] .
Furthermore, cristobalite may cause inflammation in the lung and granuloma in the hilar lymph nodes of rats associated with significant size augmentation at 13 weeks postinstillation, while the same mineral induced fibrosis in the lung at 49 weeks postexposure [13] . Besides, ash respirable fractions have been used to investigate the in vitro response of THP-1 and A549 cells in cytotoxicity, cellular stress, and proinflammatory assays associated with toxicity. Macrophages experienced minimal ash-induced cytotoxicity and intracellular reduction of glutathione. However, production of IL-1β, IL-6, and IL-8 has been sample dependent. Lung epithelial cells experienced moderate apoptosis, sample-dependent reduction of glutathione, and minimal cytokine production [14] .
On the contrary, exposure to SiO 2 nanoparticles results in dose-dependent cytotoxicity in cultural human bronchoalveolar carcinoma-derived cells which is closely correlated to increased oxidative stress [15] . Crystallization plays a role in fibrogenicity, and the large surface area per mass of silica nanoparticles allows for a greater production of reactive oxygen species [10] . e fine-grained character of volcanic ash generated in the long-lived eruption raises the issue of its possible health hazards. Surface-and free-radical production has been closely linked to bioreactivity of dusts within the lung. Concentrations of hydroxyl radicals (HO_) in respirable ash are two to three times higher than a toxic quartz standard [16] . One investigation indicated that in vitro exposure to volcanic ash had little effect on the O 2 consumption of rabbit type II cells [17] . e toxic effect has been discovered after both in vitro and in vivo exposure and has not been due to a soluble component of the ash. is implies that inhalation of volcanic ash may adversely affect alveolar macrophages. erefore, inhibition of superoxide release by volcanic ash may interfere with the ability of alveolar macrophages to protect the lung from some types of respiratory infections [17] .
In Ecuador, published data on the effects on human health in the face of the exposure of volcanic ash are rare.
erefore, the main aim of this study was to assess the biological impact of the Pichincha volcanic ash, which certainly will be able to contribute significantly to the understanding of the hazards on cell cultures and inflammation in murine lung tissues. Such data will allow an extrapolation towards the affected populations during exposure to this agent.
Materials and Methods

Volcanic Ash
Sample. Volcanic ash sample was collected from one of the two strongest eruptions of the PVC of the last 300 years on the 5th of October 1999. e health hazards of this eruption was previously documented [18] , while the physical and chemical analyses of the sample used here have been analyzed in the same detailed way as other volcanic ashes of Ecuador [19] [20] [21] [22] . In these studies, the volcanic ash has been dried, sedimented, and stored in undisturbed containers at a temperature of 18°C until being processed.
Sample Preparation.
e dry volcanic ash samples were suspended in the appropriate cell-line media and sonicated with heating (37°C) for one hour to disaggregate the particles.
Animals
Experiment. C57BL/6 mice from 12 to 14 weeks of age were obtained from the National Institute of Public Health Research (INSPI), where they have been housed in an environmentally controlled room (temperature: 22 ± 3°C, relative humidity: 30 ± 10%, programmed ventilation, and 12 : 12 h light-dark cycle).
e volcanic ash was weighed, sonicated, and diluted in PBS for the administration of the mice, in such way that the applied concentrations were 0.5, 1, and 3.75 mg/100 g of corporal weight. ese concentrations of volcanic ash were taken from related studies [23] . e control group administered PBS.
A total of thirty mice were treated to which intraperitoneal anesthesia was applied with Dormi-Xyl ® 2 (Agrovet Market Animal Health-30 mL); 0.15 mL/kg of mouse and a single dose via transtracheal of 100 μL of the ash diluted in PBS was administered and 100 μL PBS for the control group. On day 7, after exposure to volcanic ash, the mice were euthanized by cervical dislocation, and then each mouse was excised, the lungs were weighed, and stored at −80°C for RNA extraction from the protocol suggested by Chomzynski and Sacchi [24] . e positive control group was injected by a single dose of lipopolysaccharide (LPS, from E. coli at L2630-25MG).
Cytokine
Release. e inflammatory response has been studied by cytokines released from the murine lungs exposed to volcanic ash via real-time PCR (CFX96 real-time system, Bio-Rad) according to the manufacturer's protocol. e applied analysis method for the results is the double delta C t (ΔΔC t ).
e endogenous gene selected was h-HPRT. e primers used in the amplification of the genetic expression were designed through the online program primer 3 (http://bioinfo.ut.ee/primer3-0.4.0/) based on sequences published on NCBI (National Center for Biotechnology Information) ) and streptomycin (100 mg·ml −1 ). To prepare cells for particle treatment, cells were trypsinized using a 0.25% Tris-EDTA solution and allowed to readhere overnight. Treatments were performed on 100 µl of cells at a density of 1 × 10 5 cells·mL −1 in each well of a 96-well plate. Both cell lines were maintained at 37°C, in a 5% CO 2 environment.
Murine peritoneal macrophages were collected in the RPMI medium from the peritoneal cavity. In vitro adhesion of macrophages was maintained in continuous culture in RPMI growth media with 10% of FBS supplemented with penicillin (100 units·ml
) and streptomycin (100 mg·ml
). Treatment was performed on 1 mL of cells at a density of 5 × 10 5 cells·mL −1 in each well of a 24-well plate, while cells were maintained at 37°C in a 5% CO 2 environment.
Cells were treated for 24 h with five concentrations of volcanic ash and control particles: 80, 160, 320, 640, and 1280 μg·mL −1 , and positive control oxide of titanium TiO 2 (400 μg·mL
) reported elsewhere [25] . Oxidative stress was assessed by releasing NO (nitrogen oxide) using the Griess test and superoxide dismutase assay to evaluate anion superoxide.
Cytotoxicity Test.
Volcanic ash at the final mineral concentrations of 80, 320, and 1280 µg/cm 3 was added to McCoy and A549 monolayer cells cultures. MTT assay was performed at 72, 120, 168, and 240 hours after volcanic ash particles application. For this purpose, MTT solution was prepared at 1 mg/ml in 100% acetone. en, 10 μl of MTT plus 100 μl of cell-line media was added to each well. Cells were incubated for 4 hours at 37°C with 5% CO 2 . After 4 hours, the MTT solution was removed and replaced with 100 μl of DMSO. e plate was further incubated for 3 min at room temperature, and the optical density (OD) of the wells has been determined using a plate reader ( ermo Fisher) at a test wavelength of 570 nm.
Titanium oxide was used as a positive control, and its toxicity is well established in reported studies [7, [25] [26] [27] [28] [29] .
Reactive Oxygen Species (ROS)
(1) Griess Test. e extent of cellular stress was determined by the Griess test, which was used to determine the quantity of nitrite oxide (NO) released in the cell supernatants. Treatment was performed on 1 mL of McCoy and A549 cells at a density of 2.5 × 10 5 cells·mL −1 in each well of a 24-well plate and 1 mL of murine peritoneal macrophages at a density of 5 × 10 5 cells·mL −1 in each well of a 24-well plate. Cells were maintained at 37°C in a 5% CO 2 environment.
Volcanic ash at the final mineral concentrations of 80, 320, and 1280 µg/cm 3 was added to McCoy, A549 monolayer en, 100 μl of this dilution plus 100 μl of cell supernatant was added to each well of a 96-well plate.
e microplate was incubated for 30 minutes in the dark at room temperature, and the optical density of the wells was determined using a plate reader at a test wavelength of 540 nm.
e titanium oxide (TiO 2 ) at a final concentration of 400 µg/cm 3 and hydrogen peroxide (3%) were used as positive controls.
(2) SOD Activity. Treatment was performed on 1 mL of McCoy and A549 cells each one at a density of 2.5 × 10 5 cells·mL −1 in each well of a 24-well plate and 1 mL of murine peritoneal macrophages at a density of 5 × 10 5 cells·mL −1 in each well of a 24-well plate. Cells were maintained at 37°C in a 5% CO 2 environment.
Volcanic ash at the final mineral concentrations of 80, 320, and 1280 µg/cm 3 was added to McCoy and A549 monolayer cells cultures individually. Macrophages were exposed to concentrations of 80, 160, 320, 640, and 1280 µg/mL of volcanic ash. After 24 and 144 hours, the supernatant was collected from each well. Murine peritoneal macrophages were exposed only 24 hours. e superoxide dismutase (SOD) activity was assessed in the fresh supernatant of the cell cultures with a SOD determination kit (Sigma-Aldrich). e microplate was incubated at 37°C for 20 minutes, and the absorbance read at 450 nm.
e SOD activity was calculated as follows:
SOD activity (inhibition rate %)
e negative control was the culture cells without any exposition.
e titanium oxide (TiO 2 ) at a final concentration of 400 µg/mL and hydrogen peroxide (3%) were used as positive controls.
Statistical Analysis.
Statistical analysis has been performed using GraphPad PRISM 6 software (San Diego, CA). e comparisons were conducted using Student's t-test and one-way analysis of variance (ANOVA) with the Dunnett and Sidak posttest where appropriate.
Results and Discussion
Volcanic Ash Characterization.
e photographs taken with SEM indicate the presence of pumice rock (central rounded particle) as result of a very violent magmatic explosion, surrounded by fragmented volcanic glass and some minor minerals such as quartz and plagioclase (Figure 1(a) ).
Moreover, Figure 1 (b) is a typical angular-shaped plagioclase (big grain), as well as quartz (above grain) and surrounding fresh (un-reworked) volcanic glass. Figure 1 (c) illustrates the diameter particle histogram obtained from the analysis of the sample, using the MIRA3 SEM software. We have calculated the size distribution of the particles from manual diameter determination over a 1000 particles. Table 2 represents the chemical compositions by energy dispersive spectroscopy (EDS) performed on some one hundred ash particles revealed on average typical geochemical ratios known of andesites and dacites of the region with Al/Mg of 9.85, Si/Mg of 24.97, and Na/Al ratios of about 0.29, with a sigma mean error between 0.26 and 0.97, pending of the particular element.
Effect of Volcanic Ash on Mice Body Weight and Survival.
Mice were once inoculated via transtracheal with a 100 µL solution of volcanic ash and PBS at a final mineral concentration of 0.5 mg, 1 mg, and 3.75 mg per 100 g of body weight. Body weight has been recorded on day seven postinfection. Mice exposed to a concentration of volcanic ash of 3.75 mg indicate a constant and significant weight loss on day 7. Mice infected with 0.5 and 1 mg of volcanic ash gained weight as did in the uninfected group postinfection (Figure 2(a) ). Likewise, during the exposure of the animals to the volcanic ash, the weight of the food that each group of mice consumed was recorded, demonstrating a reduction in the quantity of food consumed by the animal treated with volcanic ash.
Seven days after infection, all animals exposed to volcanic ash did not entirely die. In contrast, all animals not infected or infected with LPS survived for a 7-day period. Nevertheless, the groups that received the highest concentrations of ash 1 and 3.75 mg perished by 25% (Figure 2(b) ).
e volcanic ash concentrations could overt toxicity as indicated by a change in body weight from animals exposed to 3.75 mg, which has often been an indicator of overt or systemic toxicity [30] . In the current study, we observed 25% of mouse mortality in the groups which have been exposed to highest concentrations of volcanic ash 1 and 3.75 mg (Figure 2(b) ). e statistical reduction of body weights in the exposed group of 3.75 mg of volcanic ash indicated a level of malaise, which indicates that volcanic ash may interfere in the welfare and homeostasis of the murine organism [31] .
Volcanic Ash Induce Expression of Inflammatory Factors in Mice
Lung. Volcanic eruptions increase concern about the potential adverse effects of volcanic ash in the lung [32] .
e results from studies in laboratories suggest that volcanic ash is moderately toxic and has the potential to cause fibrosis in the lung of rodents when inhaled in high doses [33] .
e term inflammasome is used to define the activation of caspase-1 characteristic of innate immunity and represents the response directed to suppress pathogenic microorganisms and to avoid tissue damage [34] . It is composed of the receptor with oligomerization domain and nucleotide binding (NLR3), ASC (apoptosis-associated speck-like) protein, and caspase-1. NRLP 3 inflammasome is the only one activated by several stimuli like molecule e ectors produced or released by the mitochondria such as reactive mitochondrial oxygen species, mitochondrial DNA, and cardiolipin phospholipid [35] . e NLRP3 in ammasome is a signaling complex that activates procaspase-1 and induces the processing of caspase-1-dependent in ammatory cytokines (particularly IL-1 and IL-18) [36] . is in ammasome has been found in cells of the innate immune system such as macrophages and dendritic cells and has been able to be activated in response to a variety of intrinsic factors of the host, as well as a signi cant number of environmental substances such as silica, asbestos, and hydroxide adjuvant of aluminum [37] . Mice exposed to 0.5, 1, and 3.75 mg of Pichincha's ash produced more NRLP 3 than the untreated control (Figure 3(a) ).
e mechanisms of activation of caspase-1 that triggers di erent types of in ammasomes are diverse and leads to the induction and secretion of IL-1β, generating inammation and cell death of the proptosis type [38] . Caspases are proteins with cysteine-protease activity, which hydrolyzes in speci c aspartate residues, and some of them are involved in in ammatory processes such as caspases 1, 2, 5, and 12 [39] . e in ammatory response in murine pulmonary tissue has been sampled and was determined to be cytokine dependent.
e highest dose (3.75 mg) of volcanic ash resulted in the production of caspase-1 above threefold in the untreated control (Figure 3(b) ), as observed by Lee et al. [40] where the mechanism that governs the expression of caspase-1 is determined and indicates the Table 2 : Chemical composition expressed as mass percent of major elements of 100 ash particles from the ash samples of the 5th of October 1999 eruption of the PVC (see Table S1 for details). Journal of Nanotechnology 5
hypothesis that the simple increase in caspase-1 levels is su cient to induce in ammation.
Cytokine pro-IL-1 is produced by macrophages and monocytes as well as nonimmunological cells, such asbroblasts and activated endothelial cells during cell injury, infection, invasion, and in ammation. IL-1β is synthesized as a precursor protein (pro-IL-1β), which is not secreted in the active form until it is metabolized by the enzyme caspase-1 [35] . Levels for the highest dose (3.75 and 1 mg) of volcanic ash have been greater than that induced by the in ammation produced by lipopolysaccharide (LPS) in pro-IL-1 released.
IL-1 is a key cytokine in diverse responses of the immune system, and once it is secreted, it participates in the generation of local and systemic immune response against diverse classes of pathogens, and its implication in the pathophysiology of diverse in ammatory diseases highlights its role in the evolution of an in ammatory process [41] . Mice injected with lipopolysaccharide (LPS) present an expression >10 times more than the negative control. Although exposed groups to volcanic ash lack signi cant expression, the release of IL-1β is greater and concentration dependent.
IL-6 is a proin ammatory cytokine that generates the maturity and activation of neutrophils, the maturation of macrophages, and the di erentiation/maintenance of cytotoxic T lymphocytes and natural killer cells [35] . To identify an in ammatory response induced by the ash of PVC, the gene expression of the proin ammatory cytokine (IL-6) was measured in the murine lung tissues after treatment (Figure 3(e) ). e secretion of the proin ammatory cytokine (IL-6) increased in a dose-dependent manner of volcanic ash as reported in the study of Park et al. [23] .
Interleukin-8 (IL-8) has been identi ed as a chemotactic and leukocyte activating factor produced by activated tissue cells, as well as monocytes/macrophages. IL-1β or IL-12 causes the production and release of IL-8 from neutrophils in the presence of LPS [42] . In a study reported earlier [43] , the amounts of protein in IL-1b or IL-12 have been correlated with the amounts of chemokine or with the number of neutrophils, suggesting that the increase in IL-12 and IL-1β leads to the increase in chemokine followed by neutrophilic in ammation. Figure 3(f ) demonstrates that the volcanic ash at high concentrations (1 and 3.75 mg) induce a signi cant increase of the in ammatory marker IL-8 over the control.
Cell Morphology Modi cation after Volcanic Ash Exposition.
e changes in cellular morphology have been considered as a direct indicator of cytotoxicity [16] . is is directly re ected in cell viability, cell mechanisms, and cellular morphology [44] . We examined the morphology of A549 and McCoy cells exposed to di erent ash particle concentrations for 72 hours by optical microscopy. Cell proliferation is signi cantly reduced, and morphology shows irregular shape when increasing the ash concentrations (Figure 4) . Duan et al. [44] observed that SiO 2 produces irregular shape in epithelial cells and density reduction at 24 hours of exposition which is directly re ecting cell injuries.
ese data indicate the big capacity of silica to be levels of mutagenicity which could contribute too many chronic pulmonary diseases. e deposition of nanoparticles in the lung could lead to chronic in ammation, epithelial injury, and pulmonary brosis [45] .
A marked vacuolization and ash particles adhered or internalization in the cytoplasm have been observed after the ash treatment of peritoneal macrophages ( Figure 5 ) in A549 cells and McCoy cells with 320 µg/cm 3 for 24 hours. Voicu et al. [46] observed a vacuolization in human lung broblast exposed to SiO 2 nanoparticles (NPs) after 24 hours exposure. Moreover, Duan et al. [44] observed in TEM that silica NPs have been internalized into endothelial cells after 24 hours. Additionally, previous study con rmed that the silica nanoparticles may be internalized into the cells and dispersed in the cytoplasm and inside the mitochondria [47] . In rat alveolar epithelial cells exposed to volcanic ash in culture, Monick et al. [48] observed with SEM and TEM ash particles on the cell surface, while in human alveolar macrophages exposed to volcanic ash, ash particles adhered to the surface or were internalized by alveolar macrophages and vesicles within the cell at cytosol.
Volcanic Ash Induce Cell Cytotoxicity In Vitro.
e MTT assay which provides an indication of mitochondrial activity and cell viability [49] indicates the volcanic ash cytotoxicity. A549 and McCoy cells demonstrated a signi cant reduction in cell viability in response to the duration of exposure and volcanic ash concentration ( Figure 6 ). In both cases, cells presented a decrease in viability at a concentration of 320 and 1280 µg/cm 3 to 72 hours from 240 hours. e same occurred with the positive control, titanium oxide (Figures 6(a) and 6(b) ).
ese data are comparable with another study where A549 cells were exposed for 24 hours to three di erent respirable ash particles and titanium oxide from Soufrière Hills [9] . As well, Lin et al. [15] demonstrated that SiO 2 reduces A549 cellular viability in a dose-and timedependent manner. On the contrary, human lung broblasts have been exposed to di erent concentrations of SiO 2 NPs which demonstrated a decrease in a time-and dosedependent manner [46] .
Volcanic Ash E ect on the Reactive Oxygen Species
Production in the Cells 3.6.1. Nitric Oxide. Nitric oxide synthase (NOS) is the enzyme responsible for generation of nitric oxide (NO), a fundamental mediator molecule produced by a variety of diverse cell types. ree distinct NOS enzymes have been identified, being the neuronal form (nNOS), the endothelial (eNOS), and the macrophage forms (iNOS). e brain and endothelial forms are constitutive products, while macrophage NOS is present after induction by endotoxins. However, inducible NOS is also upregulated in various types of inflammatory disease, and the NO generated by the enzyme mediates various symptoms of inflammation [50, 51] .
A549, McCoy cells, and peritoneal macrophages have been treated with concentrations of 80, 320, and 1280 µg/cm 3 of volcanic ash for 24 hours. e absorbance of nitric oxide in the spent medium has been determined using the Griess test. e results yielded in peritoneal macrophages an increase in NO absorbance with different ash concentrations, with a statistically significant increase at the ash concentration 320 µg/cm 3 compared to cells without any Journal of Nanotechnology treatment ( Figure 7 ). e lack of the dose response e ect can be justi ed by the fact that NO which is normally produced after activation of the macrophage by pathogens, in the case of volcanic ash, the cellular mechanism of activation in macrophages is unknown. However, titanium oxide induced signi cantly nitric oxide production in macrophages. e study from Kobzik et al. [50] reported a strong inducible NO in rat macrophages after the exposition of LPS by immunostaining, while the control macrophages have been negative. Nonetheless, A549 and McCoy cells did not present statistical di erence in NO absorbance. is can be explained by the fact that NO is a constitutive product. Besides, a fundamental mode of inactivation of NO is its reaction with superoxide anion (O 2 − ) to form the potent oxidant peroxynitrite (ONOO − ) [52] . However, results from the hepatocellular carcinoma cell line indicate that the silica NPs may lead to increased cellular reactive oxygen species (ROS) production for 24 hours exposure [47] .
Superoxide Dismutases.
e superoxide dismutases (SODs) are a family of enzymes that e ectively catalyze the dismutation of superoxide anion (O 2 − ).
e superoxide anion (O 2 − ) generated in the mitochondria or in the other systems is converted by the SOD into hydrogen peroxide (H 2 O 2 ), which in turn is also converted into water (H 2 O) by catalase or glutathione peroxidase (GPx) [53] . erefore, this antioxidant enzyme is very important to maintain the balance between the production of reactive oxygen species and antioxidants, since it can initiate oxidative chain reactions and lipid peroxidation that cause serious cellular damage [54] .
Spectrophotometric studies documented that treatment of A549 cells with volcanic ash indicated a considerable decrease (<60%) in superoxide dismutase activity leading to the formation of reactive oxygen species in cells exposed to 80, 320, and 1280 µg/cm 3 compared to the control cells (Figure 8(a) ) in 24 hours. After hydrogen peroxide exposure, the SOD activity has been decreased signi cantly, reaching 40% in A549 cells (Figure 8(a) ). In contrast to Lu et al. [54] study, the SOD activity has not been statistically altered by lung cells exposed to nano-SiO 2 alone compared with control cells.
Similarly, as seen in lung A549 cells, McCoy cells also revealed a statistically signi cant increase in the formation of ROS when exposed to volcanic ash at a concentration of 80, 320, and 1280 µg/cm 3 for 24 hours (Figure 8(b) ). e activity of the SOD enzyme in McCoy cell line reaches the lowest point (62%) in 24 hours where cells have been exposed to 80 µg/cm 3 (Figure 8(b) ). However, the absence of the dose Nitric oxide production on peritoneal macrophages by volcanic ash after 24 hours. Macrophages were exposed to 80 µg/cm 3 (green), 320 µg/cm 3 (yellow), and 1280 µg/cm 3 (purple) of volcanic ash and 400 µg/cm 3 of titanium dioxide (blue). e negative control was cells without any treatment (red).
* p < 0.05; * * p < 0.01 (one-way ANOVA with Dunnett's posttest).
response e ect can be explained by the saturation in the secretion of the antioxidant enzyme superóxido dismutasa after volcanic ash exposition.
Conclusions
e ash of the Pichincha volcano induces an in ammatory response in the murine lung by activating the in ammasome NRLP 3 complex that can precipitate cellular pyrolysis and compromise the health of the animals exposed to this agent evidenced in the change in body weight and mortality. While after the in vitro tests, it is determined that the morphology of the cells changes, there is a reduction in the density, and the vacuolization is evident in peritoneal macrophages. Likewise, the e ects of volcanic ash are the marked cellular toxicity dependent on the concentration of ash and the time of exposure and the imbalance of the regulation of reactive oxygen species by deactivating the activity of the antioxidant enzyme. e volcanic ash in peritoneal macrophages is toxic because it induces the production of nitric oxide or is a response to the in ammation produced. It is the rst report of the biological e ects or impacts produced by the ashes of the Pichincha volcano, so it is the guide to continue with future investigations that will clarify the e ect of volcanic ash on Ecuadorian population.
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